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Within the last ten years, we have begun to understand some of 

the processes involved in the mind's synthesis of information concern

ing musical characteristics. 

Since most of our comprehension of verbal material is processed 

through the left hemisphere, this survey will test visual perspective 

and language abilities in relation to the right hemispheric capabilities 

for sustaining the performance of musical ideas. Through the results of 

this study, it could be proved that the brain is capable of sustaining 

musical functions independently of certain other simultaneous thought 

processes, and thereby defining more particularly those areas of the 

brain concerned with musical comprehension or thought. 



CHAPTER I 

INTRODUCTION 

This study had its roots in two foundation courses in music 

education concerned with the brain, its capabilities, its learning 

and memory processes, and, specifically, the manner in which it 

processes sounds and symbols. Such understanding provoked interest 

in a phenomenon particularly evident in some keyboard musicians: the 

ability to perform musical material from memory or by sight reading 

while simultaneously conversing on varying levels of difficulty. 

Often such conversation involves topics completely unrelated to the 

musical performance. 

Each hemisphere of the brain is capable of functioning in a 

manner which allows the organism to process two seemingly unrelated 

stimuli and react independently on each. Such ability was documented 

by M. S. Gazzaniga in his research on patients who had sustained opera

tions which had separated the hemispheres of the brain by severing the 

corpus callosum or connecting tissue between the two hemispheres. 

More specifically,.the left or so-called dominant hemisphere was found 

to be predominantly involved with the use of digital and verbal infonria-

tion. The right or minor hemisphere deals with visual perspective, 

intuition, and some specialized thought processes. These include the 

synthesis of the functions of both hemispheres, the processing of 

spatial relationships such as the recognition of faces, and the react

ing to certain non-verbal auditory functions, including timbre dif

ferentiations and tonal memory. 



Within the last ten years, we have begun to understand some of 

the processes involved in the mind's synthesis of information concern

ing musical characteristics. 

Since most of our comprehension of verbal material is processed 

through the left hemisphere, this survey will test visual perspective 

and language abilities in relation to the right hemispheric capabilities 

for sustaining the performance of musical ideas. Through the results of 

this study, it could be proved that the brain is capable of sustaining 

musical functions independently of certain other simultaneous thought 

processes, and thereby defining more particularly those areas of the 

brain concerned with musical comprehension or thought. 
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CHAPTER II 

REVIEW OF LITERATURE 

Memory and Neural Aspects of the Brain 

Considering that the two hemispheres of the brain have separate 

and independent analytical properties for all incoming information, one 

might express such items in terms of different types of memory./The 

memory for patterns and relationships associated with sequential process

ing of information is generally part of the functions of the dominant 

lobe, while short term memory associated wtih mental organization regard

ing spatial relationships seems to be centered in the minor lobe of the 

brain, j 

Since this research deals in part with the ability of musicians 

to perform from memory a selection while relating verbally to other 

stored information, it becomes necessary to define those properties of 

the brain which are utilized in the storage and recall of memory. 

Such subject material shall be dealt with in the first section of this 

chapter. 

John Unger has stated that 

the brain stores information through a system of interlinking 
pathways. To a large extent, these depend upon the neuronal 
pathways present in the brain at birth. Memorizing is like 
building smaller roads connecting two or more of these main 
highways with each other. In the brain, building these roads 
corresponds to forming synapses between neurons of compatible 
composition that lie along the main nerve highways. Each 
different memory then is equivalent to a different set of 
synapses joining different pathways at different points. 
This is true although one neuron may fire for many different 
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functions of memory. Each bit of information, however, is 
stored in the brain in the form of a unique route followed 
by electrical impulses each time specific information is 
required. In short, neural molecules store memory by 
permanently setting up the routes along which electrical 
impulses travel.'^ 

From his experiments on animals, E. R. Johns has stated that 

memory consists of electrical patterns which sweep through 
populations of nerve cells in the brain. When certain tasks 
are taught, a specific pattern of waves runs through the 
brain. When these waves represent a brain response to a 
stimulus, they are called exogenous brain waves. Afterward, 
endogenous waves ripple through the brain representing the 
brain's reaction to the stimulus.^ 

As the brain learns the task better, its endogenous waves 

become stronger and stronger, and when the brain is asked to recall 

a particular task, the identical endogenous wave patterns flicker 

through the brain. As an easier reference to these waves, they are 

usually classified as engrams or traces. 
y 

When these engrams are being recalled, electro-chemical reac

tions pass among each particular neuron which is activated by the 

event or experienced recollection. The passage of such reactions from 

neuron to neuron generally is believed to strengthen the connections 

between them, thereby making it easier for some neuronal patterns to 

be activated in the future.[ Neurons in the brain, however, are not 

just passive conductors of electro-chemical nerve impulses. Without 

any apparent reason, nearly all neurons independently send occasional 

impulses into neighboring nerve cells and thus strengthen some old 

memory traces. Therefore, the longer the memory has been stored in 
4 

the mechanisms of the brain, the stronger the trace should be. 



/ Studies of memory indicate that when we experience an event, we 

do not simply file an intact memory and then on some later occasion 

retrieve it wholly and read off what we have stored. Rather, we recon

struct the event using information stored in many sections of the 

brain. Both the original perceptions of the event and inferences 

drawn after the fact are considered. Over a period of time, sources 

may integrate so that a person may be unable to say how he knows a 

specific detail, since only the unified memory may be present. 

According to E. Loftus, 

M'^-r^"- '" In memory, when a series of actions is compelled to follow a,^ 
each other as a result of a stimulus, each part becomes 
associated or organically tied together and may be thought 
of as following each other automatically, even when the 
whole series is not acting, î. £., Action B will auto
matically follow Action A because it has been repeatedly 
compelled to follow it.^ 

This is known as "mnemonic phenomenon" and is referred to by many 

pianists as "finger memory" or the abilî ty to perform^witho^t any 

real conscious analytic synthesis of the music. ) 
— • - - - - • " • ' — " " • - • - . »™-. — " - - - - _ _ ^ 

Rehearsal or repetition has the very important effect of 

organizing many separate items into a single unit, reducing the load 

our memory must carry and becomes similar to substituting a symbol 

for a long expression. Such a process is necessary in some cases, 

because memories are limited by the number of units or symbols we 

must master, not the amount of information they represent. In other 

words, in organized material it is easier to package the same number 

. 6 
of materials into fewer words. 

->' 



John Pfeiffer describes this particular type of memory as that 

necessary for skilled actions learned through repetition. 

To begin with, we may be aware of every difficult 
step in mastering a skilled act through the combined 
use of trial, error, and frustration. The cerebellum 
cortex then develops a pattern of synchronized muscle 
movement which automatically carries out the actions 
by this pattern until willfully altered.'^ 

From this it can be observed that complete memory traces are 

widely distributed through the brain, but that portions of these 

traces tend to cluster in strategic areas, i^. ê ., traces which con

cern memory of a visual event are found mostly in the occipital 

cortex while traces which concern memory of an auditory event 

Q 

concentrate in the temporal lobe. 

Man's Bisected Brain 

To this point, the material has dealt with general functions 

of the brain and how both hemispheres process stimuli. There are, 

however, certain functions of the brain which are peculiar to each 

hemisphere, and these should be the main focus of the remainder of 

this chapter. 

Between the intercerebellar hemispheres lies a membrane, the 

corpus callosum, which is the sole connection between the hemispheres 

and responsible for the rapid relay of material between the hemi

spheres. Because of its location, it can be completely severed 

without damage to hemispheric structures. 
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The dominant hemisphere or the left lobe of the brain is 

specialized in many functions by analyzing and sequencing incoming 

stimuli. Its organization services the individual through addition, 

subtraction, and multiplication as well as other computer-like opera-

tions.^ However, its dominance derives from its verbal ideation 

abilities. Because of its deficiencies in these respects, the minor 

hemisphere deserves its title, but is pre-eminent particularly in 

respect to its spatial abilities with a strongly developed pictorial 

and pattern sense, 1^. e_., the minor hemisphere is greatly superior 

9 
in all kinds of geometrical and perspective drawings. 

Through surgical disconnection of the cerebral hemispheres, 

Gazzaniga discovered that: 

1) clear-cut disturbances were produced which correlate 
directly with the anatomical separations effected by surgery. 

. ^vTo be more precise, activities which involved speech and 
"^ writing are well preserved in so far as they can be governed 
from the left hemisphere. Visual_information does not trans
fer from one hemisphere to the other, nor is there evidence 
that the perceptual activities of one hemisphere influence 
the other, for all cases failed to achieve even the simplest 
sort of integration between two visual half-fields; 

2) brain bi-section has little or no effect on efficiency 
and accuracy of contralateral eye-hand combinations, ̂ i- £•» 
one hemisphere can control the opposite extremity in visual 
motor tasks. Also ipsilateral control is maintained so long 
as one does not call into action the most distal musculatures 
of each limb; 

3) the non-dominant, speechless, but semiverbal right 
hemisphere is clearly^^gapable of making high order inter-
sensory associations. 

In testing these split-brain subjects, it was shown that percep

tions of certain kinds of spatial relationships, the recognition of 



faces, and certain non-verbal auditory functions like timbre and tonal 

memory were more highly developed in the minor hemisphere.) Superior ^ , 

performance of the left hand over the right in block design tests, 

drawing, and other simple tasks which incorporate spatial relation

ships supports the theory that this aspect of visual activity is 

represented principally in the right hemisphere. 

John C. Eccles also noted that 

in the ordinary performance of voluntary movements, both 
the minor and dominant hemispheres are involved and there 
is doubtlessly much to and fro communication across the 
corpus callosum during the readiness potential which in 
its initial stages is bilateral even during the pro-
granmiing of a strictly unilateral action such as the flex
ing of one finger. 

.Through feedback from the activity in the body, widespread 

bodily movements will relay the messages to the opposite side as well 

as the active side. I Action performed by one hand is likely to involve 

adjustments in posture and musculature activity on the other side of 

3) Th: 
13 

the body and thus demands attention from the other hemisphere, j This 

reaction is referred to as cross-cueing, and can actually help one 

hemisphere prepare the other to make correct responses. (For example, 

hemisphere B can act in response to a cue made available to it in the 

peripheral apparatus of hemisphere A. The cross-cueing of information 

is not through the central neural channels but by one hemisphere taking 

note of cues available to it by the overt bodily-systematic changes 

executed .. .he ot.er he.isphere.^^ ) 

Input into the minor hemisphere may be fully processed in that 

hemisphere, but must cross back via the corpus callosum for any 
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integration with the information from the left hemisphere. Conversely, 

inputs to the dominant hemisphere from its various lines of communica-

tion must, after due processing, be switched to the minor hemisphere '̂4&f̂ 0" ' 

for understandings related to any spatial functions. When any con

flicting information is presented, it is possible for one hemisphere 

to take command, but this dominance may shift from moment to moment. 

This explains why the two sides of the body do not act more independ

ently in split-brain situations, and yet the two hemispheres can still 

1 6 
be separate realms of knowledge and awareness. 

( In language, man is capable of reading letters, simple numbers, 
/ 

and short words with the left visual field or right hemisphere. In 

fact, the best performances seen in the subjects were processing nomi

nal material and more specifically, noun-object words. Adjectives were 

second in comprehension, but there appeared to be no evidence that verbs 

were understood or comprehended. Instead of presenting the verb in 

word form, if a picture of the same gesture, like a knock, were pre

sented, no problem existed in using the left hand to make an imitative 

movement. 

Linguistic expression appears, then, to be organized almost 

exclusively in the left hemisphere. However, in some cases, the 

possibility that a few simple, emotional, extremely familiar words 

might be expressed through the minor hemisphere, cannot be ruled out. 

Test material concerning the auditory comprehension of the 

right hemisphere must be examined carefully, because certain basics of 

the stimulus do leak to the left hemisphere, and if the left lobe is 
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searching for an answer, as is always the case with auditory input, 

the ipselateral information may be sufficient for correct identifica

tion. 

[Further Gazzaniga has stated that "performances of the right 

hemisphere involving word and object association in sorting, retrieval, 

and related tasks do show evidence of ideation, emotional, mental con

centration, and other high order mental capacities as well." 

In conclusion, we may say that the right hemisphere is a very 

highly developed brain except that it cannot express itself on language. 

Sperry has been quoted by Eccles as postulating that there is another 

i I 
consciousness in the right hemisphere but that its existence is obscured 

1 8 i • 

by its lack of expressive language. 

This being true, can each hemisphere attend its own type of 

stimulus and file one answer in memory? M. I. Posner states that 

it is entirely possible to use relative stimulus-response 
compatibility as a means of comparing the difficulty of the 
processing or transformation involved in different tasks. 
For instance, if stimulus-response compatibility can be 
transmitted, it may be used to predict other aspects of 
information processing like the ability of subjects to per
form two tasks simultaneously. The amount of information 
reduction is related to the difficulty, or the amount of 
processing the task requires, ̂ .^. , when a person performs 
an easy task, he is able to attend to other aspects of the 
environment at the same time. As the difficulty of the 
task increases, it demands more of a person's limited 
attention, and the spare capacity available for dealing 
with other signals is reduced. This limitation cannot be 
viewed as static, rather it changes with the level of 
practice. However, a task which is difficult initially 
will generally continue to demand more attention, even 
after m.any weeks of practice, than one which is not. 
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It appears, then,'that most skilled actions involve a combina

tion of transformation of new input and retention of previously 

presented information, thus making the degree of available capacity 

related to the rate of forgetting of the original task./ 

Vĵ he degree of distraction, or the attention given the inter

vening task, can be manipulated, and this degree of distraction is 

systematically related to the rate of forgetting. Posner's studies 

indicate that 

if a man is considered to have a limited capacity for 
processing information, then whatever sustains the 
memory trace during the first few seconds after presenta
tion, also requires a portion of that capacity. This 
process has often been called rehearsal. Rehearsal, as 
used here, however, is not identical with covert speech 
and may vary in strength depending upon the processing 
capacity available to it. Whether all forms of retention 
require central processing capacity, and hence rehearsal, 
can only be determined empirically. Presumably, traces dif
fer in the amount of rehearsal required before the establish
ment of memory which does not depend upon continued avail
ability of processing capacity, thus indicating a consolidation 
process of memory. 

The foregoing discussion indicates that a separation of the 

hemispheres creates two independent spheres of consciousness within a 

single cranium or organism. Therefore, we are really dealing with two 

brains, each separately capable of mental functions of a high order. 

It has been shown that the left hemisphere possesses the verbal and 

sequential characteristics necessary for language and mathematical 

analyses. The right hemisphere, on the other hand, is capable of 

processing the spatial information necessary for determining shapes 

and figures. Since each of these hemispheres is also capable of inde

pendent synthesis of their perspective functions, as demonstrated by 
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Gazzaniga, cannot they also be capable of independent, simultaneous 

processing of two different stimuli? To determine each hemispheric 

capacity along these lines, testing designed for dual simultaneous 

response of music and language was designed to test right hemispheric 

and left hemispheric responses, as outlined in the following chapter. 
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CHAPTER III 

PROCEDURES 

Testing for hemispheric reaction to dual simultaneous stimuli 

consisted of having each subject perform two related tasks. The first 

task involved the playing of a well-known piano selection from memory 

while answering questions of varying levels of difficulty. Such ques

tions were designed to elicit responses from both left and right 

hemispheres. The second task involved questions which were paired 

to those of the first task while the subjects sight-read a moderately 

easy selection. 

Left Hemisphere 

To select questions for testing, known characteristics and 

functions of each hemisphere were considered. It was determined that 

simple language responses, semantics, and material involving digital 

synthesis would be used in testing for continuity or interruption of 

left hemispheric activity. The following items tested the left 

hemispheric response. 

Memory Test 

1. A simple question required the subject to name a writing 

utensil. 

2. Adding a two-figure number to a one-figure number required 

the carrying of one digit in the process. 

15 
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3. Similar but more difficult than item 2, two two-digit num

bers were used and again required one digit to be carried for a 

correct response. 

4. A series of questions asked for a comparison of the bio

logical genus of animals. Each of the three questions in this item 

used two animals of the same genus, and the test subject answered 

correctly by identifying that genus. 

5. Involving the syntax process in language, this part of the 

test required identification of prepositions in a specially designed 

sentence. 

Because of the apparent difficulty of having to sight-read and 

answer questions simultaneously, it was decided to begin the second 

task with somewhat easier test items and gradually build to more dif

ficult items of approximately the same degree of difficulty as those 

in the memory test series. 

Sight Reading 

1. The test subject was asked to identify himself, 

2. The subject was required to identify his hometown. 

3. A simple math problem required the addition of two one-

digit numbers and the carrying of one digit. 

4. The test subject supplied an acceptable English language 

name for animals in their younger or diminutive stages of physical 

maturity. 
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5. This again involved the syntax of the English language. 

The test subject identified the subject of a moderately complex 

sentence. 

Right Hemisphere 

Right hemispheric response considered the ability of the brain 

to synthesize spatially oriented stimuli while both memory and sight-

reading skills were being performed at the keyboard. 

Early test models used simple spatially oriented pictures and 

optical illusions, although these exact examples were later discarded. 

Because of the importance of the right hemisphere to musical response, 

a description of all material seems imperative in order to enumerate 

difficulties as well as some initial responses. To those interested 

in right hemispheric responses, all data could have some significance. 

The following items were originally conceived, tested, and for 

one or more reasons discarded. 

a. Three circles of different radius were presented to the 

subject who was asked to identify which of the three was the smallest. 

It was discovered that too little attention was required for a correct 

answer and thus no satisfactory results could be ascertained. 

b. An optical illusion of three lines of equal length, drawn 

to give the appearance of being either longer or shorter than their 

associates, was presented. Although this item did appear to be of a 

valid nature and did provide some right lobe interference, it also was 

too easy for pre-test subjects and provided no real data for the 

problem. 
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c. Designed to elicit a spatial recognition of three objects 

which were superimposed upon each other, this item provided right lobe 

interference, but the drawings were too ambiguous and, consequently, 

were rejected in favor of a more standardized item. 

d. Created because of the visual synthesis characteristics of 

the right hemisphere, four faces with varying intensities of emotional 

happiness were shown to the test subjects, requiring identification of 

the one face of each group which was the most intense. This item was 

found to be too easy for pre-test subjects. 

e. Similar to item d_, this item presented varying levels of 

emotional sadness and was discarded for the same reasons mentioned 

above. 

f. Presenting a three-dimensional Neckker cube, this particu

lar item could be visually shifted to appear to face two different 

directions. The subject was asked which corner of the cube was closest 

to him. The item proved to be too simple for pre-test subjects. 

g. Viewing the palm of a hand, the pre-test subject was asked 

to identify whether the hand he saw was a right or left one. This 

again was too simple and indicated nothing obvious concerning the 

subject. 

h. Each subject was requested to identify the number of sides 

for each of three geometric figures. These figures were a hexagon, ^ 

pentagon, and an octagon. This question was too simple for the test 

subjects. 
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i. Consisting of parallel diagonal lines, the subjects were 

to determine which one line continued from the left to the right from 

a group of lines after a spatial interruption. 

j. Presenting three line segments of equal size, a T-shaped 

figure was formed from two of the lines and a third line protruded 

horizontally from the middle of the vertical support of the T-shaped 

figure. The test subject was asked to identify which of the line 

segments were the shortest and which were the longest, since their 

arrangement clearly made them appear to be either shorter or longer 

than each of the others. 

Of the spatially oriented items described, none was used in 

the final testing. Optical illusions appear to present distorted 

pictures of the truth, and although the subject may believe he has 

carefully scrutinized each detail of the illusion, this scrutiny is 

often biased by the effect of the illusion. Thus, each person's 

illusory perspective could become an overly large factor in the 

responses for the test. Secondly, it was argued that some answers 

were too obvious, or that similarities within the type of items would 

indirectly weight the results. In addition, with the use of optical 

illusions, the test subject may realize that some illusions are 

present, and 1) guess a correct answer to offset the illusion, or 

2) believe that the test items might be meant to confuse or trick 

the subject so that responses would be altered to compensate for the 

trick instead of representing valid evaluations. Therefore, these 

items were discarded for more reliable test items. 
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Further, some of the previously mentioned test items required 

somewhat lengthy descriptions or instructions. This became an item of 

prime importance when evaluation of the test effectiveness rested on a 

clear and precise means of standardizing instructions and minimizing 

the amount of instructions each test subject received. It was reasoned 

that the more simple the instructions, the better the administration 

and dependability of the final evaluation. 

All test items were presented in slide form to the subject and 

appeared directly in front of the subject to eliminate any bias from 

either the left or right hemisphere. Standardized instructions for 

the test were devised. These included a proper type of response and 

examples of the three types of test items. 

The final test closely followed the described model incorporat- / '^'^ 

ing ten language items explained earlier in this chapter. The spatially "̂  * 

oriented test items were borrowed from Thurstone's Standardized Closure 

Flexibility and Closure Speed Tests involving Gestalt concepts. 

Closure Flexibility designs establish what has been identified 

as Thurstone's Second Closure Factor. This factor defines the ability 

to hold a configuration in mind despite distraction by seeing a given 

configuration (diagram, drawing, or figure) hidden or embedded in a 

larger, more complex drawing, diagram, or figure. 

These items present a figure on the left followed by four 

figures presented horizontally to the right. The figure presented 

on the left may appear in all or none of the following figures. Two 

of such designs were used in the memory segment of the test and three 

lO 
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were used in the sight-reading segments. To permit each test subject 

to become accustomed to this type of visual stimuli, such test items 

were arranged from easiest to most difficult. 

Five items from the Thurstone's Closure Speed test were also 

used in the spatial portions of the test. These designs measure the 

ability to arrange an apparently disorganized or unrelated group of 

parts into a meaningful whole, J.. £., the capacity to construct a whole 

picture from incomplete or limited material. Such a basic perceptual 

capacity may manifest itself at a more general level as the conceptual 

ability to grasp and unify a complex situation. 

For these parts of the test, the items were presented as black 

figures on a white background, and the subjects identified or described 

the subject of the pictures. Three of these items were used in the 

memory portion of the test and two in the sight-reading portion. This 

proportion seemed appropriate since the ability to answer correctly and 

identify such ambiguous items should be more difficult during the sight-

reading process. 

Since the test evoked reaction to dual simultaneous stimuli of 

music, language, and visual designs, it was necessary to limit the sub

jects to those musicians who could perform a musical selection or 

sight-read while answering the items described above. College key

board majors provided a standard group of test subjects who were 

capable of eliciting a verbal response without necessarily disrupting 

the musical response. 



Dual simultaneous stimuli describes the synthesis of musical 

thought and verbal language thought. A hypothesis of this paper con

cerns musical thought and its localization in the right hemisphere as 

compared to verbal and numerical thought being mostly localized contra-

laterally. These ideas then determine the nature of the test items 

used in this report. 

Items one through five of both the memory and sight-reading 

portions of the test involved language and numerical thought. These 

were expected to produce â  response from the left hemisphere of the 

brain and thus cause little or no distraction from the simultaneous 

musical activity or thought. On the other hand, items six through 

ten of both tests were designed to produce answers involving the right 

hemisphere of the brain. Since the right hemisphere is not able to 

communicate verbally and must rely upon the left hemisphere to com

municate its information, this process could not have been strictly 

confined to the right hemisphere. The speed by which these hemispheres 

communicate, however, is so much faster than could be measured by this 

study, that although this transferral of information contralaterally 

does exist, it has no bearing upon the results of this study./ It was 

presumed that the last five test items in each sub-test could disrupt 

or alter musical performance either by a total stopping of musical 

thought prior to answering the test items, a hesitation or slip in 

performance, or even extended periods of time needed to elicit any 

tjrpe of response even possibly without musical interruption. For 

these reasons, the evaluations of each test subject include his 
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recorded time for each response, and a description of any distraction 

which may have occurred either in musical performance or through ver

bal response to the problem.j 

The procedure for testing followed precise steps. Each test T^vV. r> 

subject was introduced to the test administrator through a short con- prQ^jfC 

versation to put the test subject at ease with the administrator and 

with the test environment of the room itself. The test room was a 

relatively soundproof facility with no outstanding differences from 

a normal classroom except that certain alterations had been made 

especially for the testing. Each test subject was then seated at an 

upright piano behind which was a projection screen directly in front 

of the test subject's visual field. This screen, placed just above 

the top of the piano, rose approximately five feet from the piano top. 

The test items appeared for the subject on this screen. Behind the 

test subject and slightly to the right, sat the administrator. To his 

left, a Kodak carrousel slide projector had been elevated to a proper 

height to allow for the height of the screen and the head of the test 

subject. 

If he desired, the test subject was permitted to practice his 

memory selection before the test began, either to put himself at ease 

or to ascertain the particular touch of the piano. Aften>7ard, a 

brief but thorough explanation of the test items was offered to the 

test subject as well as examples of the questions which were to 

follow. 



1. The test subject was requested to play a composition in 

which he had complete assurance of the memorization and one which 

would produce a feeling of comfort for himself. Before playing he 

was asked to identify the composition and composer of the selection 

he was about to perform. This request insured that the test subject 

understood the musical requirements of the test and provided a stand

ard for the performance. 

2. The test subject was then told that sometime after he began 

his selection the first test item would appear on the screen before him. 

He was asked to answer or respond as quickly as possible but try not to 

allow his verbal response to affect his musical performance, i^. ê . , if 

possible, to answer each test item without allowing any deviation from 

his normal musical performance. Each test subject was also informed 

that each response was being timed and that all deviations from the 

normal course of musical performance would be recorded. 

3. The test subject was informed of the nature of the two sub

tests, one involving memory, the other, sight-reading skills. Each of 

the two sub-tests followed the same format. This format consisted of 

five language-numerical test items and five test items concerning 

spatial concepts. 

4. The five spatial test items were then explained to the test 

subject. Each subject was shown an example of the Closure Flexibility 

test, being asked to note that there were five independent items in 

their visual field and that the figure on the left was off-set from the 

rest of the figures. The test subject was then asked to peruse the 
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following four figures and to state in which of these four the first 

figure might be found. For the Closure Speed test items, they could 

expect related parts of a whole represented by black on white figures. 

Such figures were representations of objects or scenes, and the sub

ject of the picture was to be identified or described. 

5. When the directions were finished, each test subject began 

playing from memory and the first test item appeared on the screen 

shortly afterward. Again, the emphasis was stressed that during the 

course of the test they try not to stop their musical performance to 

answer any of the test items. 

6. When the fifth test item of each test occurred, verbal 

supplementary directions were given as each test item required. 

7. When the ten test items of the memory portion of the test 

were completed, the test subject was asked to sight-read a moderately 

easy selection from Mendelssohn's Songs Without Words. Before start

ing to play, the test subject was asked: 1) to confirm that he had 

never played the selection; 2) to perform the selection at a moderate 

tempo; and 3) to avoid any interruption of his performance during the 

selection. Had the selection been familiar, other similar selections 

were available for the test. 

8. Since the selection was to be sight-read, only slight prep

aration by the test subject was permitted before beginning. The first 

slide for the sub-test followed the first measure of the selection. 

9. At the end of the testing, background information of each 

test subject was collected and any unusual information recorded. 



CHAPTER IV 

RESULTS 

Forty-three piano majors from five universities in the state 

of Texas were subjects for this study which hypothesized that certain 

types of stimuli would produce differing defects upon musical per

formance and musical thought. Each test item of the survey was 

evaluated from two perspectives: an analysis of response times, and 

an evaluation of distraction from performance including a statistical 

analysis of correct-incorrect responses. All data were recorded dur

ing individual testing of each subject. In this study, any distrac

tion was defined minimally as any hesitation in performance to a 

maximum of a complete lapse in musical thought. Such distraction was 

noted whether a subject was preparing a verbal response or actually 

giving the response. 

Musical Performance from Memory 

Left Hemisphere 

Test item 1 required the naming of a writing utensil and was 

purposely simple to help relax the_subje£t_for the questions which 

followed. All responses to the item were elicited on or before the 

passage of 19 seconds, with the majority of subjects responding in 

three seconds or less_, with a mean of 4.19 seconds. Responding to 

the question within 10 seconds were 95.37 per cent of the subjects, 

and 100 per cent responded before 20 seconds. Distraction from 

26 
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musical performance was minimal^ for this item. Only 4.65 per cent of 

the test subjects realized any distraction, and all subjects answered 

the question correctly. 

Test item 2 was a mathematical problem involving the addition 

of the numbers 17 and 9. This process involved the carrying of one 

digit. With a mean of 5.6 seconds, all test subjects responded to the 

item on or before the passing of 24 seconds, 50 per cent of the test 

subjects responded on or before 3 seconds, 93.02 per cent responded 

before 10 seconds, and 97.67 per cent before 20 seconds. As shown in 

figure 1, page 37, distraction from performance appeared slightly 

greater in this test item, since it involved 9-3 per cent of the sub

jects, but only 4.65 per cent, or two subjects, responded incorrectly. 

Test item 3 continued the trend of slightly harder test items. 

Again presenting an addition problem, the subject was required to add 

the numbers 11 and 49, carrying one digit in the process. For this 

particular item, all test subjects were capable of answering on or^ 

before 18 seconds, with the quickest response being 2 seconds. The 

mean was 5.6 seconds. Responding within 10 seconds were 93.02 per 

cent of the subjects, and 100 per cent responded within 20 seconds. 

The mean time required for responses of this item did not change 

appreciably from item 2 (see figure 2, page 38), nor did the amount 

of total incorrect answers. The question was answered incorrectly 

by 7.5 per cent of the test subjects. Distractions rose substan

tially with 20.93 per cent of the subjects showing some distraction 

(see figure 1, page 37). 



28 

Tesc item 4 required a multiple response for each item, and 

test subjects responded to the question between 6 and 46 seconds. 

This item asked the test subjects to compare two animals from a similar 

biological genus and identify the correct shared genus of the animals. 

To elicit a correct response, the question required that the process be 

carried out once for each of the three groups. This question was 

answered by 44.19 per cent in 10 seconds, and by 86.05 per cent in 20 

seconds. Despite the complexity of the question, only 4.65 per cent 

answered incorrectly; however, 27.86 per cent showed some distraction 

while answering the item. Such interruption might well have been 

partly the result of the multiple time needed for reading the question 

from thje_screen, rather than actual difficulty of the item material. 

Test item 5, designed as the most difficult of all left hemi

spheric language questions presented during the memory portion of the 

test, required the subject to read a sentence and identify the prep

ositions it contained. For this particular item, all test subjects 

were able to answer on or before 41 seconds, with the quickest response 

at 4 seconds. The mean of the responses was 15.69 seconds. Only 37.21 

per cent of the subjects were able to respond on or before 10 seconds, 

with 81.40 per cent before 20 seconds. A particularly interesting facet 

of this question is that, although th^^esponse times_are ĝ enerally 

longer than any of the other items in this category, its distraction 

times were shorter (see figures 1 and 2, pages 37 and 38). Distractions 

from musical performance were experienced by 13.93 per cent of the sub

jects, and 25.58 per cent could not answer the test item correctly. 
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This is the highest number of incorrect responses in the series, but 

it should be mentioned also that 100 per cent of those missing the 

test item stated they could not remember what a preposition was dur

ing the memory task. 

Right Hemisphere 

Test items 6 and 7 of this sub-test were similar to Thurstone's 

Closure Flexibility tests. As such, they presented five geometrical 

items ±n a horizontal line. To respond correctly, the test subject was 

to look at the item on the extreme left of the visual field and identify 

which of the following four figures the first item might be contained 

in or superimposed on in its exact form. 

As expected, these items generally took longer for response. 

In item 6, all test subjects responded between 7 and 94 seconds, and 

the mean time of response was 24.53 seconds. For item 7, the response 

times varied between 2 and 44 seconds with a mean of 15.69 seconds. 

One explanation of the differences between these results and those of 

the preceding question could be that this was the first time this type 

of question was presented for this series. This warrants mention 

since none of the other time averages shows a similar trend. 

When compared, items 6 and 7 show a high correlation as to the 

number of distractions and incorrect responses. In item 6, 41.81 per 

cent of the test subjects showed a distraction, and 39-49 per cent in 

item 7. Likewise, 74.41 per cent responded incorrectly in item 6, and 

79.06 per cent in item 7 (see figure 1, page 37). Further, I would 
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suggest that the time required for response is not the only issue to 

be studied between these two; rather, the task of analyzing the spatial 

data while trying to retain musical performance becomes important as well 

Test items 8, 9, and 10, taken from Thurstone's Closure Speed 

Battery, helped the subjects' ability to recognize portions of a whole 

and synthesize them into an object. 

In item 8, subjects required between 3 and 67 seconds to identify 

the object. It produced a mean average of 16 seconds. Responding in 10 

seconds or less were 37.21 per cent of those tested, while 86.05 per cent 

responded in 20 seconds or less. Some type of distraction was demon

strated by 27.86 per cent in musical performance, with 25.58 per cent 

either answering the problem incorrectly or failing to identify any of 

the acceptable answers. 

Test item 9 was answered by all test subjects between 3 and 68 

seconds, producing a mean of 24 seconds. Responding in 10 seconds or 

less were 32.58 per cent of all subjects tested, and 62.79 per cent 

responded in 20 seconds. Of the three Closure Speed items in this ser

ies, this item was considered to be of medium difficulty, but produced 

the same percentage of distraction (27.86 per cent) as item 8, while 

65.11 per cent answered the item incorrectly (see figure 1, page 37). 

Responses for item 10 ranged between 3 and 60 seconds, with a 

mean of 20 seconds. Within 10 seconds, 44.19 per cent of the test sub

jects responded; 65.13 per cent responded within 20 seconds. Although 

this item was thought to be the most difficult of the Closure Speed 

series, 39-49 per cent of those tested responded incorrectly, and only 

18.6 per cent showed any type of distraction (see figure 1, page 37). 



In comparing the two halves of this survey, the most signifi^" 

cant data appear to involve the test items presented mainly for the ̂  

left hemisphere versus those presented mainly for the right hemisphere 

This includes the number of distractions and wrong answers produced, 

and the response time required. 

As shown in figure 2, mean response times for test items 6 

through 10 were much longer than the counterpart responses for the 

left hemisphere (test items 1-5). Also, as shown in figure 1, the 

data collected for this survey indicate a general trend toward greater 

or higher percentages of wrong answers for these questions involving 

the right hemispheric response. 

Another aspect of this survey indicated that when all types of 

distractions were tabulated and categorized according to the nature of 

the distraction (minor slips of finger memory and hesitations in per

formance, and complete memory slips and stops, or altered performance 

by omitting measures), certain inferences could be made. Of all dis

tractions of the first type, 63.33 per cent occurred during the 

questions aimed at the left hemisphere, and 73.19 per cent of the 

distractions described as the second type occurred during the ques

tions for the right hemisphere. 

Further, of those subjects which showed no distractions by 

those test items known to elicit responses from the right hemisphere, 

many simply refused to allow the closure items (6-10) to concern 

them during their musical performance. When this occurred, there 

were no answers or identification of the items presented. In such 
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cases, it appeared that the performance was indeed the only function in 

the mind of the test subject. The test items seemed not to be present 

before them,_ and no analysis was^vident. Coinciding with this general 

lack of response was an improvement in the musical performance noted by 

increased musical expression, and better involvement with the shading 

of tempi, which resulted in fewer wrong notes during performance. 

Musical Performance through Sight Reading 

Left Hemisphere 

Although similar in context, the test items presented during 

the sight-reading sub-test were somewhat easier because it was reasoned 

that the task required a constant reading of new material while simul

taneously viewing and answering the items presented. 

Test item 1 requested that each subject give his name during 

the first minute of sight reading while becoming acclimated to a new 

composition. For this item, 95.37 per cent of the test subjects 

responded within 10 seconds, and 100 per cent had answered before 20 

seconds had expired. ^Response times ranged from 2 to 14 seconds, with 

a mean of 3.88 seconds. Only 4.65 per cent of the test population 

showed a distraction during this item, and none of the responses was 

incorrect or appeared difficult to elicit. 

Test item 2 requested the name of each subject's hometown. 

All of the subjects responded before 10 seconds, with a mean of 3.9 

and a range of 2 to 9 seconds. Distraction was evidenced by 9.3 per 

cent of the test subjects on this item, but none of the test subjects 

responded incorrectly. 
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Test item 3 required the addition of 2 plus 9. All subjects 

responded to the question between 2 and 16 seconds, 97.67 per cent 

were able to respond before 10 seconds, and 100 per cent responded 

before 20 seconds. The mean time of response was 3.79 seconds. The 

number of subjects distracted during the performance was 13.93 per 

cent, yet only 4.65 per cent answered incorrectly. 

Test item 4 presented a multiple answer question in which the 

subject provided a name for three mammals in their diminutive years. 

Response times ranged from 5 to 27 seconds, with 41.86 per cent respond

ing before 20 seconds. The mean was 14.02 seconds. As in item 4 of 

the memory test, distraction registered considerably higher (46.51 per 

cent) for this item, and again the possibility of having to read three 

separate items could have been the reason. All of the test population 

were capable of responding to this test item without error. 

During test item 5, the test administrator requested that the 

subject of a complex sentence be identified. For this item, 60.47 per 

cent responded within 10 seconds, and 81.40 per cent responded before 

20 seconds. The range of response for this item spread from 2 to 66 

seconds with a mean time of 13.27 seconds. This item was expected to 

produce the highest percentage of wrong answers and distractions of 

the series. A substantial increase in wrong answers accompanied this 

item by the fact that 30.23 per cent answered incorrectly for the item. 

Only a slight rise in distraction from item 4 occurred, however, moving 

the percentage up from 46.51 per cent for item 4 to 51.77 per cent for 

item 5. 
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When graphed, all of the items corresponded well to the respon

ses for the first five items of the memory test (see figure 2, page 38). 

This could indicate that the approximate levels of difficulty for each 

test contained parallel factors, and that the left hemisphere synthe-

:sizes verbal and mathematical information regardless of the musical 

i task requiring simultaneous thought. J 

Right Hemisphere 

Test items 6, 7, and 8 were borrowed from Thurstone's Closure 

Flexibility test and were thought to be of an easier nature than the 

similar test items presented during the memory test. 

For item 6, however, only 20.93 per cent of the test subjects 

responded on or before 10 seconds, and a total of 62.79 per cent of 

the subjects responded on or before 20 seconds. The range of answer 

times varied from 5 to 56 seconds, with a mean of 17 seconds. As in 

the memory section of the test, a substantial rise in incorrect 

answers resulted for this item. Of the test population, 60.46 per 

cent responded incorrectly, while 62.76 per cent showed some dis

traction (see figure 1, page 37). 

Item 7 also recorded a low percentage of rapid response times, 

with 23.26 per cent on or before 10 seconds, and a total of 72.09 per 

cent on or before 20 seconds. The range of responses, however, was 

lower than for item 6 and fell between 4 and 44 seconds with a mean 

of 16 seconds. Unable to answer the item correctly were 83.72 per 

cent of the test subjects, and 60.46 per cent showed some distraction 

during performance. 
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Responses to item 8 ranged between 6 and 60 seconds. Only 

18,60 per cent of the test subjects were able to respond on or before 

10 seconds, while 72.42 per cent responded before 20 seconds. A mean 

time of 17.88 seconds was recorded for the item. Of all test subjects, 

60.46 per cent responded incorrectly to the item, and 49.77 per cent 

showed distraction in performance while answering. 

When graphed and compared to similar items in the memory portion 

of the test, striking similarities appear, especially those comparisons 

showing distractions as compared with wrong responses (see figure 1, 

page 37) . In both tests the incorrect responses outnumbered the dis

tractions J)y a substantial margin. The comparison of left hemispheric 

items showed exactjy_^the opposite results with the distractions out

numbering the incorrect responses. 

Test items 9 and 10 were borrowed from Thurstone's Closure 

Speed test and required the same type response as items 8, 9, and 10 

of the memory portion of the test. Prior to this study, items 9 and 

10 were estimated to be more difficult than the three immediately 

preceding items but easier than the other Closure Speed items pre

sented during the memory portion of the test. 

Response time percentages rose after item 8. Of the test popu

lation, 69-54 per cent of the subjects were able to respond on or before 

10 seconds, and 86.05 per cent responded before 20 seconds. The range 

of responses was from 2 to 60 seconds, with a mean time of 12.76 seconds 

(see figure 2, page 38). Distraction from performance was only 30.23 

per cent of the test population, while incorrect responses dropped to 

6.97 per cent of those tested (see figure 1, page 37). 
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Similar trends were observed in item 10. Again the range 

appeared from 2 to 60 seconds, and 97.67 per cent were capable of 

responding before 10 seconds, with a mean time of 5.34 seconds. 

Distraction percentages dropped to 7.5 per cent, with incorrect 

responses being established at 2.32 per cent of the test population. 

As in the memory test, greater numbers of distractions and 

more^severe types of distractions appeared during the right hemi-

P̂ll̂ î̂ ^ t.?st items (66.66 per cent) than .during-the left.hemispheric 

response^, (33.34 per cent). In addition, more of the lesser distrac

tions as stated above appeared during the left hemispheric responses 

(53.85 per cent) than the right (46.15 per cent). 

Fewer instances of preoccupation toward performance and/or a 

reluctance on the part of test subjects to shift from their sight-

reading to answer questions concentrating upon right hemispheric 

categories appeared in this sight-reading sub-test. However, one 

could argue that the differences in response times between the left 

and right hemispheric items indicate that during the memory portion 

of the test more resources of the brain were occupied in the committal 

to performance. This could also explain why more test subjects were 

able to sustain and improve performance by not answering certain of 

the right hemispheric items. In sight-reading, the brain became more 

concerned with the dual task of performance of the sight-reading 

material while answering test items. Possibly, then, this accounts , v̂  cW>iQ2. 

for the fact that more musical distractions, incorrect responses, 

and fewer low mean-time percentages occurred. 
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To approximate confidence levels for this study, averages for 

the mean time of response and mean test scores for each of the four 

sub-tests of the left and right hemispheric responses were taken by a 

control group. Means were determined by: 1) the sum of all responses 

for each test item which was divided by the number of test subjects in 

each group (20 in the Control group, 43 in the Test group); and 2) the 

sum of each sub-test score per item (maximum 10 points per item) 

divided by the number of test subjects for each group. 

Data were then paired 1 to 1 and computerized in an IBM 360 

for analysis using a standard ^-test. (See Appendix, page 49, for 

pairings.) 

The Test Analysis 

Both the Control group and the Test group were evaluated by 

the _t-test and found to have the comparative statistical analysis 

found in Table 1, page 45. 

These figures indicate that a mean was established for each 

test group and evaluated in standard deviations of the mean scores of 

time or error for all subjects in each group. A mean difference was 

then taken (between the previously mentioned data) , ê« ̂ ., a differ

ence of -2.554 for group 1. The degrees of freedom indicate a level 

from which certain inferences may be made concerning the confidence 

interval of each _t-test. This data consists of mean averages and 

standard deviations for both the Control and Test groups. Also, a 

mean difference, T value, and 2-tail probability is given in compar

ison for each of the two groups. 
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Analysis of the data for each of the _t-test groups is pre

dicted on a confidence level of 90 per cent, î. e_., the results to 

follow will be predicted to be 90 per cent correct unless stated 

otherwise. All of this data is significant if the Null Hypothesis 

of mean^ = mean^ is applied. At a 90 per cent confidence level, 

T value for all eight tests must be less than 2.132, or greater 

than -2.132 to satisfy the Null Hypothesis. 

Time Responses 

The first group to be submitted to the ̂ -test was the Control 

and Test times for the left hemispheric response of the memory sub

test. The mean time for the Control and Test groups averaged 6.46 

seconds and 9.014, respectively. As seen in table 1, this was eval

uated as having a T value of -6.03. This value, in analysis, is less 

than the required -2.132 to be established as a valid test, and in 

fact, in all probability, it can also be assumed by a 95 per cent con

fidence level that these two groups are not equal. However, because 

of the size of the test population, it may be assumed that a greater 

test population might prove the subject material to be of more sub

stantial nature. Group results such as these, which are neither 

accepted nor rejected by the Null Hypothesis, will be referred to as 

"gray areas" in the future. 

Group 2 tested Control and Test times for the right hemisphere 

response times to the memory sub-test. These mean times averaged 

12.936 and 20.006 seconds, respectively, with a T value of -10.440. 

This item again is less than the acceptable tabulated -2.132 T value 
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to prove the Null Hypothesis. For this item, however, this correlation 

between groups was expected because of the assumption of this study 

that musical thought was being controlled by the right hemisphere, and 

that certain distractions in time would be evident. 

Group 3 presented response times for left hemispheric response 

during sight-reading. This produced mean times for the Control and 

Test groups of 4.34 and 7.574 seconds, respectively, and a T value of 

-3.24. Again this falls below the accepted 90 per cent confidence 

level and, as group 1, could be classified as another "gray area test," 

because this score is within the -3.747 required for the parameters of 

a 98 per cent confidence level. 

In group 4, mean times for Control and Test responses were 7.24 

and 14.064, respectively, for right hemispheric response times during 

the sight-reading task. As in group 2, the T value, -5.41, determined 

this test group to be rejected as responding similarly. Therefore, 

although tested on the same material, these groups failed to resemble 

each other in any respect statistically. 

These sub-test groups indicate that left and right hemispheric 

response times are indeed distracted from eliciting quick responses 

while performing from memory and while sight-reading. However, the 

presence of "gray areas" in the left hemispheric response times point 

toward musical performance being the sole function of the right hemi

sphere. Further explanation of these "gray areas" tests could be 

offered in that the memory process of performance is all inclusive 

in the brain as it searches both hemispheres for possible information 



42 

required for the replication of the primary musical task. This, then, 

could be controlled by the right hemisphere as indicated in the right 

lobe _t-test group comparisons for memory and sight-reading in which 

Control and Test group profiles failed to resemble each other. 

Errors in Hemispheric Reaction 

Groups 5 through 8 helped evaluate Control and Test groups in 

comparison to scores produced in each of the sub-test groups. A maxi

mum score of 50 points was possible for the five items in each group. 

This was averaged per item (10 points maximum) for the entire group 

(20 Control and 43 Test). These score averages were then placed item 

by item into the _t-test described above. 

Group 5 presented scores for the left hemispheric response of 

Control and Test groups during the memorized musical performance sub

test. The mean for each was 9.3 and 9.14, respectively, with a T 

value of .81. Regardless of their respective tasks, this T value 

indicated that both of these groups were essentially the same in 

answering the required items. 

Group 6 presented scores for the right hemispheric response 

for Control and Test groups in musical performance and indicated mean 

score averages of 6.668 and 4.986, respectively, with a T value of 

4.03. Since the tabulated T value at the 90 per cent confidence inter

val was exceeded, these groups differed substantially, rejecting the 

possibility that they were equal groups in ability to answer the 

required test items. 

In group 7, mean scores of 8.7 and 9.3 were produced for left 

hemispheric responses during sight-reading for the Control and Test 
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groups, respectively. Like group 5, the T value of -.82 indicates that 

these scores were elicited at the same level of difficulty regardless 

of the tasks involved for each group. 

Like group 6, mean scores for right hemispheric responses dur

ing sight-reading were not significantly similar in group 8. The 

Control group showed a mean of 8.326, and the Test group showed a mean 

of 6.624, with a T value of 3.04. Again, this _t-test indicates that 

response scores were not significantly close to the tabulated T value 

of 2.132 required for a 90 per cent confidence level. 

T values produced during the _t-test evaluation of error and 

time scores are significant to the basic assumption that language and 

musical thought can be sustained independently and simultaneously. 

As stated earlier, no significant differences between error scores 

produced during the sight-reading and memory tasks were detected for 

the test groups in left hemispheric responses. This indicates an 

acceptance or near acceptance of the Null Hypothesis that there is 

little or no significant difference, either in time or error com

parisons, between Control and Test group subjects while answering the 

required test items. As such, these results also seem to indicate a 

separate realm of consciousness for language and musical capabilities. 

For right hemispheric responses, however, significant differences 

were produced for time and error Jt̂ -tests. This indicates that spatial 

recognition of the right hemisphere is disrupted by the act of musical 

performance. Since this spatial recognition is known to be a right 
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hemispheric function, then we must assume that the musical tasks of 

this study must also be a right hemispheric function. 

\ Because each hemisphere is capable of independent functions, 

had the musical responses been a part of the left hemisphere as well 

as the right, no significant differences would have appeared for 

either the left or the right comparison responses for the Control and 

Test groups either in language or spatial recognition tasks. However, 

as demonstrated by the testing in this study, significant differences 

were produced between test groups in all right hemispheric categories, 

thereby localizing the right hemisphere as the mediator of musical 

thought. 
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CHAPTER V 

CONCLUSIONS 

The principal assumption of this study was that each hemisphere 

of the brain is capable of sustaining independent thought processes, 

such as language for the left hemisphere, and visual-spatial perceptions 

for the right hemisphere. The readings documented in the preceding 

chapters outline how these processes are controlled by brain waves which 

move through the brain in patterns specifically controlled by the infor

mation required by thought processes. 

The thought process, then, is a reconstruction, upon demand, for 

thought synthesis, by a searching process which scans both hemispheres 

of the brain. The information elicited by this scanning process may be 

organically tied together so that remembrance of any part of the whole 

thought may elicit the entire sequence of thought required for the task. 

Memory also can become integrated by the rehearsal or repetition 

required to learn many skilled tasks. 

This study indicated that musical thought or spatial recogni

tion is disrupted when both are required as simultaneous tasks. 

Another point of this study was that musical performance and language 

problems can be synthesized simultaneously without appreciable dis

traction. The most probable explanation of these observations is 

that during simultaneous musical and verbal thought, the left hemi

sphere is capable of synthesizing its major function without any 

apparent need for consultation with its opposing, contralateral 
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companion, and that the right hemisphere is perfectly capable of sus

taining its own control over musical thought. For those test items 

involving right hemispheric responses and musical performance, greater 

distractions, errors in response, and higher response times were pro

duced as a result of conflicting information and limited hemispheric 

capabilities to process two simultaneous stimuli in the same hemi

sphere. 

From the assumption that these results are valid as determined 

empirically, I suggest that musical thought concerning performance and 

the aesthetic impact of that performance is a function mediated in the 

brain by the right hemisphere, and there becomes an independent realm 

of consciousness. 
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APPENDIX 

2-test data were paired as follows: 

1. Hemispheric response time of the memory sub-test. Control 

group versus left hemispheric response time of the memory sub-test. 

Test group, 

2. Right hemispheric response of the memory sub-test, Control 

group versus right hemispheric response time of the memory sub-test. 

Test group, 

3. Left hemispheric response time, sight-reading sub-test 

Control group versus left hemispheric response time sight-reading sub

test. Test group, 

4. Right hemispheric response time, sight-reading. Control 

group versus right hemispheric response time, sight-reading, Test 

group, 

5. Left hemispheric score, memory sub-test, Control group 

versus left hemispheric score, memory sub-test. Test group, 

6. Right hemispheric score, memory sub-test. Control group 

versus right hemispheric score, memory sub-test. Test group, 

7. Left hemispheric score, sight reading sub-test. Control 

group versus left hemispheric score, sight-reading. Test group, 

8. Right hemispheric score, sight-reading. Control group 

versus right hemispheric score, sight-reading. Test group. 

The _t-test has been proven to be a good approximation for 

correlating differences between two samples, but the _t-test is exact 
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only under a restricted set of conditions. One of these conditions 

assumes that the measurement taken is from a normally distributed 

population. However, since no real population is exactly normal, 

this test gives an approximation of the normality of the groups 

tested. Experiments on the _t-test show that it is quite insensitive 

in practice to deviations from normality or to use a technical term, 

it is a robust test. 

When the _t-test is employed as a criterion for the signifi

cance of means, another underlying assumption must be that the 

variances of the two populations are equal. If the variances are 

not equal, _t is no longer an exact test on the means, but again 

empirical essays have shown it to be quite insensitive to this 

assumption. 

A distinction must be drawn between the sample values which 

are estimates of the true values and the true values themselves. 

We do not know the true values; we can never know them except in those 

cases where the entire population is fixed over time and could be 

exhaustively examined. Is it possible, then, to say anything about 

the true parameters when estimates are available? The ansv̂ er is that 

a good deal can be inferred about the population parameters from the 

evidence of the samples. Although it is impossible to know the exact 

value of the parameter, it is possible to describe a range of values 

or an interval in which the parameter is likely to lie. This range 

or interval is quite as important in quantitative work as the 
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estimation of the parameter. To say that the estimate of the mean of 

a certain population is 2.73 cm. is of not much interest unless some 

idea is also given about how far away from this estimate the true mean 

may really lie. 


